Cattle in two herds developed signs of bloating, increased salivation and lacrimation, depression, respiratory distress, ataxia, and death after ingestion of hay that contained large amounts of poison hemlock (Conium maculatum). Twenty of 30 Angus cows and calves were affected in the first herd (2 died). In the second herd, 5 of 30 Holstein heifers were affected (1 died). The Conium alkaloids, coniine and γ -coniceine, were quantified in the hay, the plants from the responsible hayfield, and the urine of affected animals.
Poison hemlock (Conium maculatum) toxicosis has been described in many species of livestock, including cattle, sheep, horses, pigs, goats, and poultry. 4, 5, 11, 16 Clinical signs of acute poison hemlock toxicosis include nervousness, tremors, incoordination, mydriasis, weak heartbeat, cold extremities, coma, and death due to respiratory failure. 1 Several of the Conium alkaloids are teratogenic, causing limb deformities and cleft palate in the fetus of animals exposed to the plant or chemicals at susceptible periods during gestation 9, 11, 14, 17 Fetotoxicity apparently results from reduction of fetal movement associated with the paralytic toxins. 15 Conium maculatum is a 1-3-m erect umbelliferous plant with a hollow, purple-splotched stem and fleshy white taproot. The leaves are large, triangular, and pinnately dissected (4-5 times) and have veins that extend to the tips of serrated margins. 12 The toxicity of poison hemlock is due to 5 piperidine-type coniine alkaloids including coniine and γ -coniceine. 1, 3, 16 All parts of the plant are toxic. 16 Seeds and dried plant material contain the highest concentrations of coniine, whereas fresh plant material tends to contain mostly γ -coniceine. Coniine alkaloids act directly to stimulate, then paralyze, nicotinic receptors. 16 The alkaloids are volatile, producing a characteristic mousy smell of the gut contents, breath, and urine of affected animals? Poison hemlock must be differentiated from other umbelliferous plants, such as the highly neurotoxic water hemlock (Cicuta sp.). 12, 16 Water hemlock can be readily From the California Veterinary Diagnostic Laboratory System-Toxicology Laboratory, University of California, Davis, CA 95616 (Galey, Holstege), and Lander Veterinary Clinic, 2930 Lander Ave., Turlock, CA 95381 (Fisher).
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Received for publication May 14, 1991. identified by its branching, compartmentalized, resincontaining tuberous roots and its leaf venation that terminates in the notches of serrated leaflets. 12 Poison hemlock toxicosis often follows ingestion of the fresh plant. Dry material is less likely to be toxic because of the volatility of Conium alkaloids. Although one case of poison hemlock toxicosis in cattle from green-chopped hay has been reported, 16 we are unaware of reports of such cases from hay. We report poison hemlock toxicosis in cattle that ingested contaminated hay and describe the demonstration, mass spectral confirmation, and distribution pattern of coniine and γ -coniceine in hay and urine.
Case history

Materials and methods
Twenty of 30 Angus cows and calves were presented with clinical signs of bloating, increased salivation and lacrimation, depression, respiratory distress, and ataxia. Two cows died. The owner stated that only 3 or 4 of the exposed animals were < 100 days into gestation. The signs appeared 36 hr after feeding from a new lot of alfalfa hay. The owner had noticed what he thought to be anise (Foeniculum vulgare) contamination in the hay. Feeding of the hay was suspended within 6 hr after the first cases appeared. New cases continued to appear for an additional 24 hr. One hundred cows and calves in other pens had not been fed the implicated hay and were not affected. Affected cattle were treated with atropine sulfate via parenteral injection (0.2 mg/kg of body weight; 50% i.v. and 50% s.q.). Cattle were also treated via a tube in the rumen with 3.8 liters of mineral oil or activated charcoal (2 g/kg of body weight) plus magnesium sulfate (1 g/kg of body weight). Intrarumenal intubation was also used to relieve bloat.
Samples of whole blood, brain, rumen contents, and urine and hay and plants from the hay pasture were obtained for toxicological analyses. Brain and whole blood were tested for acetylcholinesterase activity using modifications of the Ellman method. 6, 7 Rumen contents and hay were tested for organophosphate and carbamate insecticides using a multiresidue extraction procedure followed by gas chromatogra- phy with flame photometric (organophosphorus) and nitrogen-phosphorus (carbamate) detection methods. Hay was examined visually for plant identification. Urine, rumen contents, and plant material were analyzed for Conium alkaloids using the method described below.
The same lot of hay was subsequently also fed to 30 4-5mo-old Holstein dairy calves on a nearby farm. Five of the calves developed clinical signs of bloating and increased salivation and lacrimation. One calf died. Samples of rumen content and urine were also tested for Conium alkaloids (see below). Those calves were treated with activated charcoal and atropine as described above.
Alkaloid analyses
Ten milliliters of deionized water was added to 5-g samples of ground hay, plants, and rumen contents, and 2 ml of water was added to 4 ml of urine. Sample pH was increased to 12 by dropwise addition of 37% aqueous potassium hydroxide a (w/v), Samples were extracted with toluene" (50 ml for hay, plants, and rumen contents; 1 ml for urine). A 30-ml aliquot of toluene extract was extracted with 10 ml 10% aqueous hydrochloric acid. a The pH of a 5-ml aliquot of the hydrochloric acid fraction was increased to 12 with 37% potassium hydroxide. One gram of sodium sulfate a was added to the solution, which was then extracted with 1 ml of toluene. Onehalf milliliter aliquots of toluene extract were obtained for gas chromatographic analyses.
The analyses used gas chromatography with mass-spec-trometric detection. b Chromatography was accomplished using a 12-m x 0.2-mm x 0.33-µm HP-l capillary column. b
The carrier gas was helium at a head pressure of 2 psi. Two microliters of sample extract was injected into a split/splitless injection port at 240 C. The temperature program started at 40 C for 2 min and then was ramped at 20 C/min to 80 C, followed by 5 C/min to 90 C and 45 C/min to 200 C. Each run time was 8.5 min. Samples were alternated with 4-µl injections of pyridine a to eliminate carryover from previous injections. Identifications and recoveries were verified using coniine c and γ -coniceine d as standards.
Results
Case investigation
Signs of increased salivation and lacrimation were alleviated temporarily by atropine. Respiration did not significantly improve, and the course of disease was unaffected by treatment. Although free-gas bloating was easily relieved using rumen tubes, recurrence was common. None of the cows exposed at approximately 42 days gestation produced deformed calves the following winter (1990) (1991) . The acetylcholinesterase activities were between 2.22 and 3.60 µmol/ml/minute for the 5 blood samples and 3.47 µmol/g/minute for the brain. No commonly used organophosphate or car- Organophosphate or carbamate insecticide toxicosis bamate insecticides were detected in the hay or rumen contents from either case.
The rumen contents, hay, and urine had a mousy odor. The alfalfa hay was very fresh and green. The samples of hay that were examined contained from 50% to 80% Conium maculatum. The fresh plant from the field was also identified as poison hemlock (Fig.  1 ).
Alkaloid analyses
The plant material produced several peaks that may correspond to the many congeners of Conium alkaloids (Fig. 2.) . Two of those peaks had mass spectra that matched the coniine and γ -coniceine standards (Figs.  3,4 ). Coniine and γ -coniceine were both also identified in urine and hay (Fig. 5A, 5B ). (Fig. 3) . Similar mass from one of the dairy calves contained 1.5 ppm of spectra were obtained from peak 3 regions from gas chromatograms of fresh poison hemlock, contaminated hay, and urine from poisoned coniine. None of the rumen contents from either case cattle. was initially suspected in this case based on compatible clinical signs 13 and recent diagnoses of carbofuran (carbamate) toxicosis from contaminated hay in local dairy cows. That suspicion was supported by the initial favorable response to atropine therapy. Carbofuran toxicosis was ruled out, however, because acetylcholinesterase activities were normal for cattle. 6, 7, 13 Samples of hay, rumen contents, and liver contained no common carbamate or organophosphate insecticides.
The presence of coniine and γ -coniceine in gas chromatograms from plant materials and urine were confirmed with mass spectrometry using purified standards for those compounds. Several additional peaks, detected on the gas chromatograms of hay, were presumably from other congeners of coniine, such as conhydrin and n-methyl coniine. 1 The compounds were not further identified because of a lack of standards for those compounds.
The volatility of the compounds 16 suggests that poison hemlock in dried forage might lose toxicity with time. The hazard of hemlock in hay should also be low because, as poison hemlock dries, the alkaloid content tends to shift from γ -coniceine to coniine, which is 10 times less toxic than is γ -coniceine, 1, 16 However, this report of poison hemlock toxicosis from contaminated hay suggests otherwise, at least for very fresh hay (the poison hemlock in the hay was still quite moist).
The volatility of the alkaloids complicates the analysis because of potential losses during evaporation. The acid-base cleanup scheme was used to concentrate the material without evaporation. The low helium carrier gas flow used during analysis was necessary to resolve the volatile alkaloids from the injection solvent.
The high levels of γ -coniceine in the hay suggested that the hay was still fairly fresh; conversion to coniine had not taken place and the alkaloid was still present in high levels (similar to that in the plants from the field). The concentration of γ -coniceine was sufficient to cause toxicosis in cattle. For example, a 295-kg cow would be expected to ingest 2.4% of her body weight in fresh hay. 13 If the hay had 1,700 ppm of γ -coniceine, the animals would have been exposed to 40.8 mg of γ -coniceine/kg of body weight. Given the same assumptions, the coniine level in the hay would lead to a dose of 2.2 mg of coniine/kg of body weight. The γ -coniceine concentration was well above a dosage of 3.3 mg of coniine/kg of body weight that has caused toxicosis in cattle, and the coniine concentration was near that level. 11 Despite the preponderance of γ -coniceine in the forage, the major alkaloid in the urine was coniine. The kinetics of the two compounds may be such that γ -coniceine is excreted much faster than is coniine, although this explanation is unlikely given the similarity in structure between the compounds. Liver metabolism of γ -coniceine to coniine, a reduction, is also unlikely because that organ tends to oxidize, rather than reduce, chemicals. 19 However the liver might preferentially destroy γ -coniceine in some manner. The rumen is a reducing environment (-0.35 v) that would theoretically be capable of reducing γ -coniceine to coniine. 2 Thus, perhaps the γ -coniceine was metabolized (reduced) in the rumen to coniine, then absorbed, and, ultimately, excreted in the urine. Differential metabolism of the Conium alkaloids in the rumen, gut, and/ or liver may explain the differences in toxicity and teratogenicity of poison hemlock among different species of animals. For example, cattle are quite sensitive to the effects of poison hemlock, whereas sheep and horses are more resistant. 11 The lack of teratogenesis in affected cattle is not surprising. Few animals were exposed in the susceptible period of gestation of between 42 (cleft palate) and 55-70 (arthrogryposis) days for cattle. [9] [10] [11] Most reports suggest that cattle must ingest the Conium on a chronic basis during the susceptible periods to have a high incidence of teratogenesis. 10 The cattle in this case were exposed to the plant for <24 hours.
Diagnosis of poison hemlock toxicosis is supported by analysis of forage and urine for the characteristic alkaloids coniine and γ -coniceine. Although the alkaloids are volatile, poison hemlock in dry forage may retain its toxicity, at least in fresh hay. Metabolism of the Conium alkaloids may occur in the rumen, affecting their final absorption, distribution, and/or elimination patterns in cattle.
